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SPECIFICATION 

Improv ments in or relating to optical appa- 
ratus 

5 

This invention concerns improvements in or 
relating to optical apparatus and relates more 
particularly to optical apparatus operable with 
both infra-red and visible radiation. 

10 In some circumstances, and especially in 
the military field, there is a continuing require- 
ment for versatile operational capability but 
with severe restrictions on the space which 
can be occupied by equipment providing such 

1 5 versatility. For example, an armoured vehicle 
such as a battle tank may be required to 
provide a thermal picture from received infra- 
red radiation, e.g. for night surveillance, and 
to use received visible radiation for a day 

20 sight, which may be stereoscopic, or which 
may be non-stereoscopic with a laser range- 
finder which transmits and receives on return 
a laser beam. However, the space available in 
the vehicle to accommodate equipment for 

25 providing these facilities may be very limited. 
There is thus a requirement for compact and 
versatile optical apparatus for use in such 
equipment. 

According to the present invention there is 

30 provided optical apparatus comprising a sub- 
stantially self-achromatised catadioptric lens 
system having refractive elements of a ma- 
terial transmissive to both infra-red and visible 
radiation, a wavelength selective filter for sep- 

35 arating infra-red and visible radiation passed 
through the catadioptric lens system, means 
for receiving infra-red radiation so separated, 
and means providing two spaced light chan- 
nels for receiving visible radiation so sepa- 

40 rated. 

The two spaced light channels may consti- 
tute visual channels for providing an observer 
with a stereoscopic view of a scene or object 
from which visible light is received by the 
45 catadioptric lens system. Alternatively one of , 
the light channels may constitute a visual 
channel for viewing of such scene or object 
and the other light channel may constitute a 
laser channel for transmitting and/or receiv- 
50 ing a laser beam. There may be provided a 
telescope comprising an objective lens and an 
eyepiece lens in the or each visual channel. 
There may be a lens element, such as a 
collimating element, spanning and common to 
55 both light channels. 

The means for receiving infra-red radiation 
may comprise a collimator, which may pass 
the radiation to a scanner device. The infra- 
red radiation may be in the thermal waveband * 
60 and the scanner device with an associated 
detector array may be used to produce a 
thermal picture of a scene or object from 
which such infra-red radiation is received by 
the catadioptric lens system. 
65 The wavelength selective filter may com- 



prise a beam splitter which separates the 
infra-red and visible radiation by transmission 
of one and reflection of the other. For 
example, the beam splitter may comprise a 
70 plate of infra-red transmissive material having 
a dichroic coating on its front surface which 
reflects the visible radiation but transmits the 
infra-red. ' 
The catadioptric lens system preferably 
75 comprises a front surface primary concave 
mirror having a central aperture, a Mangin 
secondary mirror, and at least one coirection 
element located at or near the aperture in the 
primary mirror, the Mangin secondary mirror 
80 and the correction element or elements being 
of material which is transmissive to both infra- 
red and visible radiation. -The catadioptric lens 
system can be substantially self-achromatised 
by reason of the effective refractive powers of 
85 the lens elements largely cancelling each 

other. The wavelength selective filter may be 
located at or near the aperture in the primary 
mirror of the catadioptric lens system to re- 
ceive radiation passed through that aperture. 
90 An embodiment of optical apparatus in ac- 
cordance with the invention will now be de- 
scribed, by way of example, with reference to 
the accompanying drawings, in which: 
Figure 1 is a schematic representation of 
95 part of the apparatus, and 

Figure 2 is a schematic representation from 
a different aspect showing another part of the 
apparatus. 

\ Referring initially to Figure 1 , the apparatus 
1 00 comprises a catadioptric lens system having 
; airispaced jelements consisting of a front sur- 
/ face primary concave mirror 1 of spherical 
curvature, a Mangin secondary mirror 2 hav- 
ing an internally convex, reflecting surface of 
105 spherical" curvature, and a positive meniscus 
correction element 3 haying its convex surface 
facing towards the Mangin secondary mirror 
2. The primary mirror 1 has a central aperture 
4 at or near which the correction element 3 is 
110 located. A catadioptric lens system of this 
form is more fully described in U.K. Patent 
GB 2 030 31 5B, the relevant teachings of 
which are incorporated herein by reference. In 
the present embodiment however, the refrac- 
1 1 5 tiye lens elements, i.e. the Mangin secondary 
mirror 2 and the correction element 3, are of 
a material transmissive to both infra-red and 
: visible -radiation, i.e. having a useful spectral 
'- . bandpass at both infra-red and visible wave- 
120/ lengths. The infra-red waveband may in parti- 
cular be about 8 to 14 microns, i.e. the 
thermal infra-red. A suitable material for this 
and visibfe wavebands is visually transmissive 
zinc sulphide. ; 
125 As described in the above mentioned U.K. 
Patent GB 2 030 31 5B, the catadioptric lens 
system can be substantially self-achromatised 
by reason of the effective refractive powers of 
the lens elements largely cancelling each 
1 30 other. The expression 'substantially self-achro- 
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matised' when used herein is not to be con- 
strued as limited to absolute self-achromatlsa- 
tion but includes in particular a system which 
is almost self-achromatised. It is also to be 
5 understood that, as mentioned in U.K. Patent 
GB 2 030 31 5B, the catadioptric lens system 
may include more than one correction lens 
element 3 if required. 

The catadioptric lens system of the present 
1 0 embodiment is substantially self-achromatised 
so that in use, it receives thermal infra-red 
and visible radiation and focusses the wave- 
bands of both. Specifically the received radia- 
tion is reflected from the primary mirror 1 , 
1 5 refracted on entry into and exit from the 
Mangin secondary mirror 2 in which it is 
reflected, and refracted as it is transmitted 
through the correction element 3 to form an 
image in the region of the aperture 4 through 
20 which the radiation passes. 

At or near the aperture 4 is a wavelength 
selective filter in the form of a beam splitter 
comprising a plate 5 of infra-red transmissive 
material, such as germanium, having on its 
25 front face a dichroic coating 6 which reflects 
visible radiation but transmits infra-red. The 
beam splitter thus separates infra-red and vis- 
ible radiation passed through the catadioptric 
lens system into respective channels. It will be 
30 appreciated that the beam splitter could alter- 
natively be arranged to reflect the infra-red 
and transmit the visible, in which case the 
infra-red and visible channels about to be 
described would be transposed. 
35 As shown in Figure 1, infra red radiation is 
transmitted through the beam splitter plate 5 
to the infra-red channel where it is received by 
a collimator comprising elements, shown as 7 
and 8, of infra-red transmissive material, such 
40 as germanium. This collimator may, for 
example be of a form as described in U.K. 
Patent No. 1 594966, but other forms, which 
may have more than two elements, could be 
used. The asymmetric aberrations introduced 
45 by the beam splitter can be corrected by 

introducing asymmetry into the collimator, or 
associated optics, design. The collimated in- 
fra-red radiation passes to a scanner 9 by 
which it is scanned across an infra-red detec- 
50 tor array to produce in known manner a 
thermal picture of the scene or object from 
which thermal infra-red radiation is received 
by the catadioptric lens system. Visible radia- 
tion reflected by the beam splitter coating 6 
55 passes to visible light channels not shown in 
Figure 1 but shown in Figure 2, which is a 
view from the direction indicated by arrow A 
in Figure 1 but with the system shown in 
straightened form (i.e. with the beam splitter 
60 in effect omitted) for ease of illustration. A 
collimating lens element 1 0 receives (in fact 
after reflection from the beam splitter) the 
visible light passed through the central aper- 
ture 4 of the catadioptric lens system. As can 
65 be seen from Figure 2, the catadioptric lens 



form, with its central obscuration of the inci- 
dent radiations is inherency adapted to direct 
the light into two spaced channels which 
respectively receive light incident on the pri- 

70 mary mirror 1 at opposite sides of the central 
obscuration caused by the Mangin secondary 
mirror 2. In Figure 2 the two spaced visible 
light channels are represented as constituting 
visual channels, there being a telescope com- 

75 prising an objective leiis 1 1 and an eyepiece 
lens 12 in each channel. The collimating lens 
1 0 spans and is common to both channels. 
An observer viewing with his two eyes E 
along the respective visual channels can see' 

80 the scene or object from which visible light is 
received by the catadioptric tens system, and 
can obtain a stereoscopic view by reason of 
the effectively separated light receiving posi- 
tions on opposite sides of the central obscura- 

85 tion mentioned above. 

Instead of using the two visible light chan- 
nels as visual channels to provide a stereo- 
scopic view, one only sould be used as a 
visual channel providing a non-stereoscopic 

90 view and the other could constitute a laser 
channel for transmitting and/or receiving a 
laser beam. Such laser channel could be used 
for laser range finding purposes, the laser 
beam being for example from a Neodymium- 

95 YAG laser. Suitable filters can be provided, if 
necessary, to prevent laser light entering the 
visual channel. > , 

It will be appreciated that Jhe infra-red and 
visible light channels /teed not necessarily, 

100 although they may, be simultaneously &S80* *■< 
operationally. Thus, the infra-red channel may 
be used at* night or under other low visibility 
conditions to provide a thermal sight, while 
the visual channel or channels may be used 

105 during the day, or under other illumination 
conditions providing adequate visibility, as a 
visible light sight, commonly caSied a day 
sight. 

It will be seen that the apparatus, in having 
110 a common objective lens system for infra-red 
and visible radiation, can be compact whilst 
providing the versatility of infra-red ar.d visible 
light operation, and in having two separate 
visible light channels can provide increased 
115 versatility by way of stereoscopic viewing or 
by way of a visual channel and a laser chan- 
nel. The apparatus can therefore be usefully 
applied in limited space situations requiring 
versatiSity of operation as can occur, for 
120 example, in an armoured vehicle such as a 
battle tank. 

CLAIMS 

1 . Optica! apparatus comprising a substan- 
125 tially self-achromatised catadioptric lens sys- 
tem having refractive elements of a material 
transmissive to both infra-red and visible radi- 
ation, a wavelength selective filter for separat- 
ing infra-red and visible radiation passed 
1 30 through the catadioptric lens system, means 
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for receiving infra-red radiation, so separated, 
and means providing two spaced light -chan- 
nels for receiving visible, radiation so sepa- 
rated. 

5 2. Apparatus according toCIaim 1 inwhich 
the two spaced light channels constitute visual, 
channels for providing an observer with a 
stereoscoprc view of a scene or object from, : , 
which visible light is received by the catadiop- 
10 trie lens system. 

3. Apparatus according to Claim 1 in which 
one of the light channels constitutes a visual 
channel for viewing a scene or object from 
which jvisjble* .light is received by the catadiop- 

15 tric lens system and. the other light channel 
constitutes a laser channel for transmitting r 
and/or receiving a laser beam. : ■* 

4. Apparatus according to Claim 2 or Claim 
3 having a telescope comprising an objective 
lens and an eyepiece lens in the or each, visual 
channel. 

5. Apparatus according to any. preceding 
claim comprising a lens element spanning and 
common to both light channels. 

6. Apparatus according to Claim 5, in which 
said Jens element is a collimating element.- 

7. Apparatus according to any preceding 
claim in which .the means for receiving infra- 
red radiation comprises a collimator. 

8. Apparatus according to Claim 7 in which 
the collimator passes the radiation ta a scan- >. 
her device,, ;; ] 

9.. Apparatus accordingpto, Claim ,8 in which/ 
the scanherrxlevicfe with fan .associated detector ' 
35 array is used to-producena therrnal picture of a 
scene or object from which infra-red radiation 
in the thermal waveband is received by the : 
catadioptric lens system. 

10. Apparatus according to any preceding 
40 claim in which the wavelength selective filter 

comprises a beam splitter which separates the 
infra-red and visible radiation by transmission 
of one and reflection of the other. 

11. Apparatus according to Claim 10 in 
45 which the beam splitter comprises a plate of 

infra-red transmissive material having 1 a di- 
chroic coating on its frbnt surface which 
reflects the visible radiation but transmits the 
infra-red. 

12. Apparatus according to any preceding 
claim in which the catadioptric lens system 
comprises a front surface primary Con£ave \ _ 
mirror having ^ central aperture, a Mangin? ■ \\ 
secondary mirror, and at least one correction 
element located at or near the aperture in the 
primary mirror, the Mangin secondary mirror 
and the correction element or elements being 
of material which is transmissiye to both infra- 
red and visible radiation'. % y , fw ? 

1 3. Apparatus according to any preceding 
claim in which the wavelength selective filter 
is located at or hearths aperture: in the 
primary mirror of the catadioptric lens system 
to receive radiation passed through that aper- 
65 ture. 



14. Optical, apparatus substantially as de- 
scribed hetern with reference to the accom- : 
panying drawings. . 
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